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P2~ - exeiec ha show thtthr is a great need to protect the individual combat soldier from
vector.botne diseases. Because of the unique problems encountered in combat. persona! protection of the individual
hax proven to he the most practical means of reducing vectored diseases. Many different chemical rcptferens and
barrict devices have een used, but all of thrin. have failed to provide the necessary level Of proteio

Wide mesh netting treated with a "space repellent" such as diethyl toluamidec was found to provide
excellent protection from biting insects. The netting excluded insects, but allowed air to move in sulficient amnoun-.s
for good ventilation- both hearing and sigt were improved over old style netting Specific tests on bed n~cts revealed
that both 100 percent cotton and 50 percent cottonlSO percent polyester fabrics withstood three to five years in
storage with little loss in tensile strength. Exposure to the environment for up to six weeks did not. visibly increase

=deter joration time Both types of fab-ric appeared acceptable anth respect :oc life expectancy in stnrage and ficid use. EU)
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An Innovation in Momquio-born a MmLITA14Y MEDICINE

Disease Pgowecmtln~xre 1~17 ~

MWD Roger H. Grothoy,, WSC, (MN
CAPT Jsem F. Adams, MC, LUSN**

Wrnthe advent of Woild Wdar 11, the American military made in .iiayentomology, but much of the ba.,ic informa-
establishment found itself poorly prepared to coe with the tion has yet o be applied to actual field use. Military ento-
disastrous problem of vector-borne diseases. During the first niologists have learned throug excperience that transmissioni
Solomon Islands offensive, the 1st Marine Division had of mosquito-bomfh- pathogen is greatly increac'l in areas ex-
10,635 casualties from 7 August to 10 December 1942; only posed to the chaos of combat. It has also been learned that
1,472 nere from gunshot wounds. Five thousand -seven htmi- mosquito-borne disew- arm best ctXttAltoed by foeakirig the
dred forty-nine men sere put out of action by malaria. The cycle of transmission through control or personal protection.
United States Army also suffered great losses to malaria. It is Ir! ý7mibat operations, medical reserves are heavily commit-
estimated that the time lost by Army combat personnel in tel and it becomes impos-sible to "clinically clear" the hu-
the Pacific 1theater amounted to 10,140,37 man &ay& The mant reservoir in single host diseases. Considverable progress
Un;ted States Navy reported 11,272 cries int its personnel. has been made in developing control techtniques in noncout-

When nilitary commanders realized the magnitude of bat situations, However, these techniques have not always
their problem, specific -steps were taken to break the cycle of proven acceptable in military situations. Blecause of the
transmissio between man and mosquitoes. Mdalaria control problems involved in combat sitw'tions, special e~uipmeot
units of different types were established, and entomologists has been developed to provide the desirable level of control.
were quickly located and directed to work on the problem. It Development of aerial spra systems for the rapid treatment
was during this period that military entomology became a of larw areas is one of the control techniques which shows
distinct and unique specialty. much promis for the military establishmen~t The de~velp-

The success of military entomology was best attested by merit of personal proection techniques has been anotheir
Rear Admiral Lamont Pogh, MC, USN, who said, "the means of breaking the transmission cycle of diseases such as
anti-malaria unit was responsible for the implementation of a malaria. The most commonly used protective itemiL in the
program in the South Pacific which conserved more man field have been bed nets and refielyemos.
power and perhaps saved more lI' es thani all the surgeocts in
the Arned Forme combined."' The spectacular reiults of the Faunala Prolscdioen ?dwk m~e
preventive medicine-entomology effort caused the military in the currzent cnflsct in Southeast Asia. the development
establishment to commission both operationtal and research of drug resistance by the species Pkesmo&*~ leSd Airsm has
units devoted to protcctiig, US forces fromn vecor oocdr caassd geat anW budden l~aspctaice to te Ilce Intes
Case. of personal protection techniques and mosquito control. The

problem has been further complicated by the change in the
aItsodo wid Drug Thera"y type of warfare encountered. Area control has proven difi

cult without stable *`front lirim. Chemical treatment andAfter World War 11, research on insect vectos continued ecologca manipulation of breeding area can not be c~mn-
at a steady pace. American forces were tasked *I~th global pletely- accomplished without total and continuous access4 to
respotisibiliw Oz eeepsdt lms vr nw h territory involved. In additiont, field personnel have
tot-borne disease Major research effort was dfirected towairl found it difficlt to maintain acceptable levels of repellent on
malaria bentuse of the historical impact of the disease on us soe otos ftebdadstnadbdadha
military operations. The development of a preventive drug nets haD. b ns ofon tohe inodyve stnient bdand uno eorabl.
regimen for malaria was a direct result of cniude-Paot experiences have shown that the wse of nets and prosec-
search. Tis drug reg4,en was utidoubtedly responsible fo tive clothing is of little value in reduring malaria under pa-
the virtual noniexistence of malaria in Korea. The savings in trlcnitosý
manpiower and life in this military contflict more than juti lieinniM1 1965.66 the Xwval Medical Fiel Research
fled the cost of the research involved in developing the drug Laboratory began Placing major emphasis mn mWquito-.
prophylaxiss and suppressant. borne disease control, with the goal of -olving some C4 the

Unfortunately, the quccess of antimalarial drugssoniewhat pcllm curn in Southeast Asa onsiderbl prort
dulled the emphasis on mosquito protection and control tech- wa lcdondvlpn poetv evcsta ould hVe-
niques, Even though most aiuthorities considered the Cuii a high degree of troop acceptability and still maintain a high

rlae to be the single most important famil- of arthropods in degree of mosquito repellency. The lahoratory-f initial
the world, vector research moved forward at a rather routine -brek-thtroh- ocure whe the LN, Deputment of Agri-
pace with no great diegree of urgency"'- Progress has been culture Agricultural Research Serice Laboratory at Gamkes-

=Wthe Yava 34"a F*Id Rtwsh Labhaat Out Lvmt ilie. Florida. began reexmination of their repellent pro-
yNsth Caoi m gramt and started a search for chemicals tha would be effc-

OCt W to. Ig YWOODUP twefn at a distance. These chemicals became knw as-
t~'t~m i~ O~et.repellenits." V5flou ways were devised to use the chemicals,
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but Ow nkkzt prom ~in.. taý with nide ne-h cotton nettune
Plrezentiv. the umos commonly u-edl nt~suhu netting. 'as S-
11 thread c 21.2-115 mt-h/in. The uidetme-h nets cut- 41
rentlv [wing c te-'d are 0.635 cm or four me-.h/in-1 The
mtardard mal m-It netting prohibits the flow of air, ioter.
feres with' -ght and reluces' h-aring. alt of which limitS tirop
aceeptabiliw. The wide mes.h netting concep. in'.ol~e the Flg. 2. 94." "1 eiWWCd ofi uWi& iW41%T4"

Utdization at the matenal in the netting! as a resmninr for
the chtminai reprielln. vihich produces a v-apor [wrier -be- M hd
tween the openitig-.. The most sticcei4ul cotmbinat ion ha- o~asm O
been four-nx-h cottou. netting weighing mome than 0.0077 Tue task of de-veloping practical Mield items um.ing utiilt
~ni cmn:. The repellent- currently available have not piroen tisesh netting imvlved two research lir-iiurt-z. tine.,erir.- -A

effective in protecting openings greater than 0.635 on: how- Itstl- was neeckedl to detemine the ht type of iahric for u-c
ever netting of thiss type alkows air tit move in amounts 4tuff- by the miilitary. The we-wud mtudy wa-, &-iepicnil t-, l-cate an
cient for good %vetilation.' liecattij of the advantages of the acceptable chemical for use on the nt-F. The lmijec wa4 ot.

ne ,nztn several rewerch groiqs ha~v been working- on 1aie . htbt es ia nc~~ic. seultin: in av-
different item'z including in'uita net jacketf'. inz of both manpowe-r and timne

'I-z
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F ~Initial studies reveale that synthetic fabrics were not ac-
ceptable. because they failed to absorb the required volume IffftVtmem 0F WA4*m.@Iflttt-WA4 AMO mAin to0 wmt
of repellent during impregnation. Somre work was attempted AOAtWs NOm MOSOUTsO ,OKU~tIONS
with orion lmirento hl h-nlnwssili iud -

PIt.wsrot releasdadtepo'w vapor barrier wa: not I: T.ta wMwoitti Vftc
achieved. For this reason. nets used in the field tes-tS were of Tns Wtcr (41rct Nn (*,k~rid Night
two basic types. The first type of net was 100 per cent cot- -r ~ ~~ Night iU~t%1r C'ontfo'

ton. Rioth knottedi (fishnet) and pre.ssed cotton were studied ---I ~ ~~~The second net type was composed of 50 per cent cotton and " 4 ti

30 per cent polyester fiber (Fig. 1). It was hoped that t.his .hri~-tt6fu zi .ndgntfl4 tW- 1 WI material would prove to have adequate tensile strength and
storage life and still retain the required level of repellent. **iR; i-.do ~nzc

The storage life of the different types_ of material was Q

tested byý placing #!s .ted and untreated nets in plastic bag--
and storing them at room tempmrture. The nets, were re- cent knotted cotton nets placed in storage in P~oo ntre :,tili!

E moved periodicallyv from 1966 to 1071 and exatnined. Sonic visibly unchanged and usable in 1971. The.se nets lost litlle
nets uere reintroduced into the field repellency tests to oh- or no tensile strength during the five-year !storamw period.

Rtain obsenrvd data on ther ability to withstand troop tuse. The nets in this -series were treated with N. N -dirthvyl-nwta-
COne ieries of nets wias Pxliosed to the outsble environment toluazni'e before storage. It is not known if this repiellentI for five weeks before packaging. They were exposed to a to- enhanced the life of the netting. 3tore importantly, th
tal of 25.4 cm of rain during this period. Arother seIes4 Of chemical did not apparently accelerrate d~eteioraltion of tie
nets was exposed to outside air for six weeks and then pack- fabric. Several nets stored for three to four years were re-

aged. moved and used in fitld tests to -ee if thev would "IftiltdI
Field tests agaist, wild mosquitoes %ere conducted by fab- troop handling. All nets to (late bait- retmainied unharmed af-

ricating the various types of netting into standard sized miii- ter 10 to IS nights, use. Nets Cxoe tthe rxtea end-
tary bed nets (Fig. 2). Each type of net was compared with ronment were- fm-tt, io be unharmed after three years, int
the other type when a specific repellent was being tested. All. storagt. Thie 50/50 nets were placed in the progam in 1969.
series contained untreated net, a-- theckis. I turing the field and have exhibited nto deterioration or other undrsirable

l-m.gupsti of men were taken to areas containing WAt characte-ristics. presIe cotton nets uere foundl to perfotinAM
numbers of mosuitoes. Each man erected his net so that alt adequately; under research conditionst. lbnt did not withstand
nets were in 3 straight line. upwind from the nosuito mtl- excessive troop handling. The ptressed nets were pul~le and
int: arreas. The mien cn~ered their nets about one-half hour the even spacing of the threads was insiupted under rough+
before s.unet and rctraitned ther until one hour after sunset. handfling.
since, this was the peak mosquito activity period. Each nan Most of the bed net; wed in the storage test. Yerer thoste
used a small pen light and an aspirator to collect the mfosqui- that hsd been treated and repbaced in. plastic bags at the end
toes that entered his net. Collections we r msde in itict of a partiruar season. With some repellents, e~speciallyý N, X-11
inents, of 15 ininutes. One man mered as an outside Control diethtyl-tnela-toluamide, the surfaces of the enamecl-painted
dluring each scries of tests. All of the mosquitoes were identi- storage, shelvs were damaged by the nes. The plastic bap z
fied a,, to species. The total per Cent effectiveniess of the nets permitted vapor to -scape. whii caused the paint to disinte-
wAs& obitained by comparing the net data with the outside grate. The standa~rdizing of thes nets using this chemical
control data. will require pitzkaging designed to a-void the release ot the

The total length of each field test was ftieewhat variable. repellent.
because of thr finctuation of the mosquito population. Trie Several chemicals have, been testedl and found to provide
tests were designed to run one night a week for six weeks, excellent results. The authors have, selected one chemnical as-
provided mnosquitoes wnere pre-sent. The six weeks time pe-riod the recommended repellent for bed net'-. This chemical. di.
was- chosen rathe: arbitrarily. but it seemed reasonablek to ethvI- toluamide-. is current ly in the. militaly supply s.ystemn. it
conclude that nets and chemicals would have, to t;urv-ive for i. used a.- a skin repellent and is. therefore. available to the11
tlhic minimum period before thei- could bie considered for mil- field sode.The availability of this repellent in the fit-hI en-
itary use. Chrrnicas that shbowed much promise during their sores that it will he possibler to re-treat the nets when nrce.-
firit scrcening were held over for the next suumt-r's sittuy. sary-. The use, of dirthvl toluantide as a space net repellent
hi, this way. long-livedl repellents were given adequate expo- wras studied it, over 40 tests t1hl I. N~ets containing Thig
vare. items j1ther than liW netý have been fabricated andi chemical wer 9&.5 per cent effective for a four to six-week-
:er-ted with the same baskc procedure a, that used in the bed period. In one test. two treated nets, were tes.ted forx s-e ek~s
net ttudkei and repackaged until the next summer. whien they were again

tt~seid VAgiist field mosqutitoes lioth nets provided over 90
Obcossimper cent effectivene~z for four week,- eied nets treated with

The studies involving I~net life- were oriented to provideL diethxl toluamnide effctd good repellency response fror all
the aus~iors with vowt insigtht into thme probluitrs. that irigt of th~e mosquito -pecies- encountered tTable 11). vome work
be encountered in standardizing -suc items as bed ntim. Shelf with this combination Jim heenz conducted in the tropics, INli-
life of the iteams tr4L of prime consideration. One hundred per ethryl toluamide treated nets were wsed in Thailand and



rpm& if tion from biting insects. The netting excluded insects, but• 0 t¢•gNOm mm • inrallowed air to move in suffgicet amounts for good %-mtiha-
SOANIT.•,ito W ame "U tion. Both bearin and sight were improve over old style

S....netting. Specifi tests on bed nets revealied that both 100 per

Genus cx cent cotton and 50 per cent cotton/so per cent polyester
- fabrics withstood three to five 'ears in storage with little loss

iedes anwksi itn.),,, baMr" in tensile strength. Exposure to the environment for up to six
(OJI&d.'W, ,r•,wiczs weeks did not vi-dbly increae deterioration time. Both types
dxtr s qu,•ianuadu of fabric appeared aceptable with respect to life expectancy
IfhUS pdLLt ~I, in storage and field use.
2iZ.-i•f�rSEt f,,�S .Nets treated with diethyl toluamide provided excellent

SinqseiZ protection against all mobquitoes eacountered. Protection
•._•,,time was found to be in excess of six weeks without re-treat-

it P, iha menL It was found that nets could be stored for at least one

RE,,,,s year and still retain enough repellent to provide in exress of
fryer 90 per cent potection. Other item., such as bead nets and

shirt nets, were found to provide the same degree of protec-
tion as the treated bed nets. %ide mesh netting provided

!ound to provide complete protection for Acdes 'gypti and protection equal to older items without the disadvantages.
etacx Pipiem q~dauelas-citm for 16 to 17 weeks.$ The ex- Inaae comfort, .siot and hearing• greatly irnpoved troop

act life of the repellent was not dettertined during the re- acceptance of protective items constructed of wide mesh net-
search period. became the repellency repose dered with ting.
different 4pedes. Temperature and other climatic factors also
affected the life of the chemical. The data did indicte that JAumlmdgVPs
re-treatment every two months wold provide almost coin- The authos w"n to expr their ajiprraion to CPT Johnplt poeciX.M fisnt, MTr• USX, Rc for esalihn sad directng thi re- •

Preliminary- result have indicated that the propt net- ý ptl'oet• flroml 1%66 to I90 g-,o sl than~ks are• give to Dr.

chengal combination will Ipmide acceptable protection in KL M. S. Watkin for testing the nets in Ar&L and to Dr. D.

almost any configuration. Head nets were tested (]Fig. 3) Weidhaas and Mr. H. Gouck. ARS. USDA Lahotatoty. Gaines-
and provded acceptable mosquito protection, while g tlley -e Floud for providing technical wice nd diream. The
tproviing fslit, bearing and general comfort a. T nets for sutboh also Aish to atkr&*lle the sterling work of the

tents, bunkers and other fild shelters have also been de- N'MF stL all HMC Boome, '12 N Flom and Mr. S. Jacksn.
pged t Fig. 4), but have not been tested for effectivelife. who spent many lot hons i the Wiel obtaining data.

Mosquito shirts were constructed of the SO/SO fiber and
were found :. pe•vent bitinog but field troops had some dIf- b m
culty moving through IX brush. 'Tere shirts were found iBt. R. W. and Wei5. 1. E.: Mamy of the US Army 3ke6i
to be particularly desirable to radio opatrs, because the sa*o CowpL Chaper 13, L ab.. my Specutde Sectio -. Fat.o-
net effectivel covered the rado, making it exitiemely dilf- mniwr. USA MEDW, 2fineatia Unit, wmipuliihd WaUaicrijt t(dAW
colt to locate through &l gl&ses. Additional tests using di- Xzaod, 1061.
ethli toluainde treated shirts (body nets) ,mee coaducted FC-, L: Dat-P .. Shirt eb 38"' F. 3. EAf.

Fitoei., 61:1765-1766. 106.
in Gambe. Ethiopia. duri4 1970. The nets P 'ided g- * Clashing. F. C.: )Wory o( Fntomdaey in World War IU. SmiLth-
cellent riotection against Caxex 0witsatr ncov, Mfaxsoxk fivoe. Pb 434:117.1057.

efwtkor. X1 auijWrnmis. Aebsj eihetherx and A. draw*~- CGOW& Hf. K.. Godwin. D. It.. Sehct*reb C. F- a0C SaitkbV-X: Fiedd
froho. Tlx- members of the field research team utilised the This with Rtlnpntat-Tmeted Xetm Anait 3Ia Sa lt-k 31.

quilate1. . Em. E~ate. to:14S1-145.2. 1067.bJ1 " net tar seeping at times, and found that it Poid•ed 'Goao. R. K. Eoand )Mea. M.A.: Fiv-ld T.is tb RetsTreated
good protection without being objectional from I comfort with Retpdnu to PleveI Moeaito Reu. •mo.quite NXw .
standpoint. The teamn did find *ame objection to the odor oo.
wheu tb. *-hirt were worn in a cosed, hot trunk 'rouck. H. MtGloem. T. P. azd Bem U-: Chm_- lksh Teed as

.%M lupet1eafta .Aaiagt fen WFems" Mo1 otme 1. Eistte. . E.aF .SFR Wmol.. 60:1 Errla-I500. 10t.
'Geothwm . I. H.: Itkcriei& Di4w Equiema for a•-y and

Past experience has own that there is a great need to Matine Corm Amrt..%MF3.L Report 2t. 1.11. 197.
protect the individual combat soldier from vector-borne dir. *HmmW. B. and James. M.T: .Medi* Enmoley. Ed. .p 6t1.
eases. Becau-se of the unique problems r encoterd in coN w . V, M Ch, 1051."*ir, 3.J. SXkýWas. J. G. Geuk,. H. kSed. CC IL. and
bat, liarsnal potctlion of the individual has proven to be Smi. N.: Pi on .M,,,ian-1kene Names in Miltary Pam".
the most p'mftical means of rducing vectored &4eases ft cd ecp rw• w. \ew joem,.quiwo Etiew. ismo.. As,
Many difFrent c€micai urplleuts and barrer devices have *'l. k t6v.
been w4d. but all of them have failed to provide the neces *H .. Tay.: t'e-eI Deos-it- an-d aW Rotes in the ;ik
soyv level of protectioni. Of A7tfawnam 7as P31-6 Rwtvn 1-24. &S' 0"S"o- tzwelm . W. F, Hwuw. C.. W. and rm. W. W.: A h AW

itde mesh netting treated with a ".pce repeflent" such aTIC- Men .d P 9,.1. . roa,&"i - Leae. W. 3.
as diethvl toloaide was found to provide excellent potec- sam ca., 6&


